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(§) In the fabrication of a free-standing miniaturized 
structure in a range of about 10 to 20. urn thick, a 
method based on a sacrificial system includes the 
steps of selecting a substrate material, depositing on 
the substrate material a sacrificial layer 58 of ma- 
terial and patterning the sacrificial layer to define a 
shape. A photoresist layer 62 of material is depos- 
ited on the sacrificial layer and patterned by con- 
trast-enhanced photolithography to form a photores- 



ist mouki. Upon the mould there is plated a metallic 
layer 68 of material. The electroplated structure con- 
forms to the resist profile and can have a thickness 
many times that of conventional polysilicon micro- 
structures. The photoresist mould and the sacrificial 
layer are thereafter dissolved using etchants to fomi 
a free standing metallic structure in a range of about 
10 to 20 urn thick, with vertical to lateral aspect 
ratios of 9:1 to 10:1 or more. 
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The present invention relates generallv to 
m-cromachining and miaofabrication teSogT 
and more particularly to a method for fabriia " 
miniaturised structure. raoncating a 

Micro-technology encompasses a number of 
integrated microfabricatlon techniques der^^ fro^ 
ZZT- '"'"""^ 3emiconductorsl^cl r 

cal etching, react.ve.ion etching, oxide etchinq drv 
plasma etching. metalli2ation. metal dZ Jo^ 
Photolithography. them,al diffusion. 1?^^ 
Jon. and chemical vapour deposi^on In ^^^j 
years m.cromachining and microfabricati^ Sh 

s.l.con-based structures which reduces IJ e^S 
veness in some applications. For exam^rfS" 

wpable of generating constant forces of the order 
Of sub-m,cro Newtons and torques of the o^de^o 

IZT ^ese devicercS te 

used to move small objects at Mhz frequencST S, 

" desirX to move 

Objects having a size of one cubic millimeter^ 
more at acceleration rates as high « Z 
that purpose, forces of the order of mill^r^J^ 
W.I I be required. The fabrication of miaosSes 

vertical or out-of-plane ngidity. yet very low me- 

U.S. Patent No. 5,025.346 discloses the con- 

2Zl "''""^ '"^^ microactuZ 
stoictures using polysilicon thin-film techniqurin 
a sacnficial system. Fabrication is based ^^al ? 

/^^t 'f'^"""" 'y^^'" '"<='"des a plural- 
ty Of po,ys.„con beams that support the actuator 
for high frequency lateral movement in the plane o 
the structure. At a vertical thickness only 2 u,^ 



however, very small vertical stiffness, that is stiff- 

functon Of the cube of the thickness. Onle l^r 

larlv^nLi? applications, particu- 

^ly ttiose having free standing structures, it woSid 

rco::riiZ:: „sr" t^^^ 

constraints on stmctural thickness in the direSi^ 

Ei^iH"—^ 
^ i^pxrde^csr^^^^^^^^^ 

ro?rutTor°^"^°'^°---w 

30 ing miniaturized stmctures which proviS^S^c' 
tu-s having increased vertical thic£.:r^,^J: 

ir. f^f^^y- invention provides a method 
for fabncating a miniaturised structure. comSa 
,«ir'^/^ « ^^crificial teyer Tn^^ 

tenal on the surface of a substrate materi^ ^ 
jmng the sacrificial layer to defite HSC" 
Posrting on the sacrificial layer a photorSK^ 

fras^^hanced photolithography to form a 
^^oresist mould: plating. a metellic layeTma^ 
tenal on the photoresist mould; and disLlvingTe 
Sff ^"""""^ the sacrificial layeni 
- S n?,Hr !:^-'^^'"9 metallic sH^t^^ 
thickn^^ °* "'^ '"mention: the 

thickn^ constraints inherent in polysilicon ttiin 
Jim fabncation techniques of the priorartTre ^ 

r;ree:i-r^--~^^^ 
3t_essrr^^^^^^ 
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ence to the accompanying drawings in which: 
Fig. 1 is a diagrammatic plan view of a microac- 
tuator structure fabricated in accordance with 
the present invention. 

Figs. 2A-2M illustrate various stages of con- 
struction of the microactuator structure of Fig. 1. 
Fig. 3 is a cross-sectional view taken along line 
3-3 in Fig. 1. 

Fig. 4 is a diagrammatic end view of a slider 
tracking system for a magnetic and/or optical 
storage device. 

Fig. 5 is a diagrammatic side view of a head 
tracking system for a magnetic and/or optical 
data storage system. 

Fig. 6 is a diagrammatic plan view of an area- 
efficient multi-electrode microactuator system 
constructed based on the present invention. 
Rg. 7 is a detailed view of a portion of the area- 
efficient microactuator of Rg. 6. 
Refening to Rgure 1, a miniaturized structure 
is formed as an electrostatic microactuator device 
10. The device 10 includes a substrate 12 having 
mounted thereon a pair of spaced metallic anchors 
14 and 16 disposed at opposing longitudinal ends 
of the substrate 12, and a pair of spaced metallic 
stators 1 8 and 20 formed on the substrate between 
the anchors 14 and 16 at opposing lateral ends of 
the substrate 12. There is suspended between the 
anchors 14 and 16 a free standing metallic actuator 
22 which is mounted to the anchors 14 and 16 via 
a plurality of metallic suspension members 24, 26. 
28 and 30. The suspension members are flexible 
beams joining the actuator 22 to the anchors 14 
and 16 so as to allow in-plane movement in the 
direction of the arrow designated A-A in Fig. 1. In 
order to facilitate that motion, the thickness of the 
suspension meml)ers 24-30, represented by the 
dimension "d" in Rg. 1. is relatively thin. Thus, 
whereas the maximum dimension of the microac- 
tuator structure is about 1 millimeter, the thickness 
"d" is about 1 micrometer. This ensures sufficient 
suspension flexibility to enable the actuator 22 to 
be driven in the direction indicated. The driving 
force used to position the actuator is provided by 
the stators 18 and 20. Both stators include a plural- 
ity of inwardly extending electrodes 32 and 34, 
respectively. The actuator 22 also includes a plural- 
ity of outwardly extending electrodes 36 and 38. 
The actuator electrodes 36 and 38 are interleaved 
or "interdigitated" with the stator electrodes 32 and 
34, respectively. By application of a DC voltage 
potential between the stators 18 and 20 and a 
conductor positioned below the actuator 22 (not 
shown in Fig. 1 ), an electrostatic force is generated 
that causes actuator movement in the direction A-A 
depending on the polarjty of the applied potential, 
as is conventionally known. 



BNSDOCID: <EP O592094A2J_> 



To complete tiie actuator structure 10, a bond- 
ing platform 40 is formed on the top surface of the 
actuator 22 for bonding components to be driven 
by the actuator 22. It will be further noted that the 

5 actuator 22 includes a plurality of etch holes 42 
whose purpose is to let etchant pass through to 
undercut the sacrificial layer underneath in a final 
release step, to be described in more detail below. 
Turning now to Figs. 2A-2M. a preferred meth- 

10 od for fabricating the actuator structure 10 is 
shown. In Rg. 2A is shown an insulated substrate 
12 which can be made in conventional fashion from 
a silicon wafer. The substrate 12 is passivated with 
silicon dioxide and silicon nitride overcoats 50 and 

15 52, respectively. The thickness of the substrate 12 
may vary but is typically arourvJ 100 to 500 mi- 
crometers. The thickness of the silicon dioxide 
overcoat is about SOOnm (5,000 angstroms) and the 
thickness of the silicon nitride overcoat is about 0.5 

20 micrometers. On top of the silicon nitride overcoat 
52, there is deposited a thin conducting layer 54 
having a thickness of atjout 0.5 micrometers. The 
metallic conducting layer 54 could be a doped 
semiconductor material such as p-type polycrystal- 

25 line silicon. Alternatively, this layer can be depos- 
ited by sputtering a selected metallic composition 
which may include any of the transition elements 
including copper or chromium. 

Following deposition, the metallic layer 54 is 

30 patterned by photolithography and a plasma etch- 
ing process. As shown in Rg. 2B, a photoresist 
layer 56 is fonmed on the metallic layer 54 and a 
first optical mask 57 is positioned over tiie 
photoresist layer. The photoresist material may be 

35 of any conventional type. These materials have in 
common the property that when exposed to an 
appropriate light source, they become less resis- 
tant to subsequent photodevelopment that would 
dissolve the photoresist material. The mask may be 

40 formed from conventional materials such as 
chrome on quartz. The photoresist layer 56 is irra- 
diated using a collimated light source directed 
downwardly along an axis which is normal to the 
plane of the structure. A variety of collimated light 

45 sources may be used to expose the photoresist 
material including light in the ultra-violet region 
having a wavelength of around 365 nanometers. 
The exposed resist is developed and hard baked at 
about 120*F for approximately one (1) houi'. A 

50 conventional resist solvent is used to dissolve the 
exposed resist layer to form a resist pattern as 
shown in Rg. 2C. Typically, photoresist manufac- 
turers also provide suitable resist solvents that are 
compatible with the resist material being offered. 

S5 The patterned photoresist layer 56 is used for 

patterning the metallic layer 54 by plasma etching. 
Carbon tetrachloride (CCU) plasma etching is pre- 
ferred. This process removes the portions of the 
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mef'^'ayer 54 that are not protected by the 

process, the photoresist layer 56 is dissolved 
/.elc^ng a patterned metallic layer 54 as showl^n 

On top of the conducting layer 54 and the 
s.l.con nitride overcoat 52. there's deported ' 
sacrificial layer 58 made from a glass S^lnd 
preferably phosphosilicate glass or PSa Ss co„ 
structon is illustrated in Fig. 2E The PSr 1 . 
c^Mayer is deposited byL'prl^rL" it 

chem^al vapour deposition (PECVD). Following d^ 
P«^rt,on. the sacrificial layer 58 is patterned intot 
plate fom, that will be used to define the interio^ 
dimensions of the anchors 14 and 16 ai^d th« 
stators 18 and 20. 

Referring to Rgure. 2F. the sacrificial layer 58 
.s coated wrth a photoresist teyer 60 and pSnS 
by conventional photolithography using laC^'l 
lowed by irradiating the photomsist aSd Sdal 
layers using a collimated light source Tr^^ 
downwardly along an axis wh' h iH r^a^'He 
Ptene Of the structure. Again, for this pu^e aJv 
conventional photoresist material and anr<Sven 
jonal mask material, such as chrome on ^uIS 
can be used. A variety of collimated light sSur^^ 
may also be used to expose the photoresS ma 

Twt:,!!"^^^^^^^ "ir ^^^^^^ 

awavelength of around 365 nanometers. The ex- 
^ resist is developed and hard baked at ^ 
120 F for approximately one (1) hour. A hydr^T 
fluonde (HFH>ased solution such as hy£Zj 

rS'' ^ '^^"'"9 P^'otofes'st is dissolved in a 

sl^rri„\^1r^^^""™^^^^^ 

^KrareSX^e^Srajr- 
shown) IS deposited by sputtering The nLlw 

eTemeSTa^ '-'^-eS 

ferrcjri;~t;;xre:^E 

deposit^i a Photoresist layer ^ is 'deSXl 

suDstrate 12 with the sacrificial layer 58 beinn 
disposed centrally underneath. The thLness of he 
photoresist layer 62 will determine the thickneJs of 
the metallic components including the ancho 

layer SfJ - ^ """^P'"' Photoresist 
layer 62 may be on the order of about 10 microm- 

ttk Seir v"'^ °' *° 20 m°rrs 

nick. Preferably, the photoresist layer 62 is not 
less than about 2 micrometers in tWcKnesaT^ 
Photoresist layer 62 may be fonried from conven- 
tional photoresist materials including products iold 



under the brand names AZ 4000 and A2 6000 
The photoresist material is spun onto the struc- 

n r-,g. 2H. a barner layer 64 which can be made 
' 1°;^, ^°^P or the like is spun onto ^e 

photoresist layer. A contrast enhancement laver 66 
men spun onto the barrier layer 64. ThI com 33 
enhancement layer 66 is used to provide sSl 

'5 having, for example, diaryl nitrones therein f^! 

Photoresist and the contrast enhancement layer 

Referring now to Rg. 21. a third optlJmask 
68 IS used to pattern the photoresist layer 62 S 
36 erTtlT contrast enhancimem,r; 

inq T7^^ Z ' "^""^ «tectropS- 

•ng. The third optical mask 68 can be made cnn 
ventionally from chrome on quam ^ ^" 
Photoresist layer 62. the bamer l^'e^ Z Ts 
contrast enhancement layer 66 servino T 
- ^i.o posi«ve photoresrst Z^^Z^^ 
radiation exposure and selective resist hirH 

prererably at a wavelength of aborjt -^r^ « 
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the plural etch holes 42 are defined. Using the 
described photolithographic patterning process, 
photoresist stencils or molds up to 20 urn thick, 
with aspect ratios of 9:1 to 10:1 and even higher 
can be readily achieved, thus permitting the devel- 
opment of metallic structures that are fairly thick in 
the out-of-plane direction (relative to Fig. 1) while 
allowing very thin features, such as the spacing of 
the interleaved electrodes, to be formed in the 
plane of the structure. With the photoresist formed 
in the manner described, a metallic structure 69 
can be deposited as shown in Rg. 2K by elec- 
troplating using the plating seed layer as an elec- 
troplating electrode. The plating material can be 
any of the metallic elements and is preferably a 
transition element such as copper, nickel or chro- 
mium when the sacrificial layer is phosphosilicate 
glass. 

Referring to Rg. 2L. following the metallic plat- 
ing step, the bonding platform 40 is created by 
depositing a photoresist layer 70 on the plated 
metallic layer 69. The photoresist layer 70 is made 
from a conventional resist material. A fourth optical 
mask 72 is placed over the photoresist layer 70. 
Again, the optical mask is a conventional material 
such as chrome or quartz. The photoresist layer 70 
is exposed to a collimated light source providing 
light in the ultra-violet region having a wavelength 
around 365 nanometers. This light is directed 
downwardly along an axis which is normal to the 
plane of the structure. The exposed resist is there- 
after developed but is not hard baked. The pat- 
terned resist is then used as an electroplating 
mould to form a metal stnjcture 74, as shown in 
Rg. 2M. This structure fomns the bonding platform 
40 when the resist layer 70 is dissolved. 

Following constaiction of the bonding platform 
40. the remaining composite photoresist layer, in- 
cluding the layers 62, 64 and 66, the seed layer 
and the sacrificial layer 58, are all dissolved to form 
the metallic anchor structures 14 and 16. the stator 
structures 18 and 20, and the free standing ac- 
tuator structure 22. including the suspension mem- 
bers 24-30 and the interleaved electrodes 32-38. A 
cross-section of this configuration is shown in Fig. 
3. The etchant used to dissolve the sacrificial layer 
58 is preferably hydrofluoric acid or any other 
suitable HF-based solution when the sacrificial lay- 
er is made from phosphosilicate glass and the 
metallic structure 69 is made from copper or chro- 
mium. These materials advantageously provide an 
etch rate of around 1 micrometer per minute or 
greater in the sacrificial material at room tempera- 
ture, and a negligible etch rate of the copper or 
chromium metallic structure. Thus, the hydrogen 
fluoride-based etchant provides good etching se- 
lectively with respect to a PSG sacrificial layer 58 
and a Cu or Cr metallic structure 69. 
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It will be appreciated that structures having 
high aspect ratios can be conveniently formed us- 
ing the fabrication method desaibed at>ove. High 
aspect ratio structures such as the microactuator 

5 10 are expected to have numerous applications 
wherein it is desirable to minimize vertical or out- 
of-plane deflection while generating good in-plane 
actuating forces. For example, high aspect ratio 
microactuators could be economically used in sub- 

10 micrometer tracking for maignetic or optical record- 
ing. Examples of this application are illustrated in 
Rgs. 4 and 5. 

Rg. 4 illustrates a slider tracking system 100 
showing a microactuator 102 constructed in accor- 

75 dance with the invention, sandwiched between a 
tracking arm suspension assembly 104 and a slider 
106 having a pair of magnetic heads 108 and 110 
mounted thereon. The microactuator 102 is shown 
as including a substrate 112, a free standing ac- 

20 tuator structure 114 and a bonding platform 116 to 
which the slider 106 is mounted. The device of Rg. 
4 can be constructed to have large vertical stiffness 
(40 kN/m) and 1 mN force yielding a 1.6 kHZ 
bandwidth for 1 micrometer tracking with a 10 

25 milligram load. 

An alternative construction for a head tracking 
system 120 is illustrated in Rg. 5. A slider 122 is 
shown as having a lower air bearing surface 124. A 
thin film head 126 is mounted to the slider 122 via 

30 a microactuator structure 128 constructed in accor- 
dance with the present invention. Again, extremely 
fine tracking connections are provided by the 
microactuator 128. 

Rgs. 6 and 7 illustrate a preferred microac- 

55 tuator construction for developing in-plane actuat- 
ing forces. In this case, an area-efficient, multi- 
electrode microactuator structure 130. This elec- 
trode tree structure includes a pair of stators 132 
and 134 each having multiple branches 136 and 

40 138, respectively. Each branch In tum has plural 
fingers 140 and 142 extending laterally outwardly 
therefrom as more clearly shown in Rg. 7. The tree 
structure further includes an actuator 144 having 
plural branches 146 each having plural electrode 

45 fingers 148 extending laterally therefrom, as also 
illustrated in Rg. 7. The actuator 144 is mounted 
by plural suspension members 150, 152, 154 and 
156 to a pair of anchor structures 158 and 160. In 
this approach, each pair of fingers forms an energy 

50 conversion cell which popularizes the whole area 
and efficiently converts elecUical field energy Into 
force or torque and maintains a constant output 
versus input relation within a small operational 
range. It Is estimated that if the structure of Figs. 6 

55 and 7 is sized to encompass an area of 1 millime- 
ter by 1 millimeter with an out-of-plane thickness of 
20 micrometers, electrodes having a width of 6 
micrometers, with 2 micrometer air gaps, a 10 

5 
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micrometer branch width, a branch separation of 25 
micrometers for the interdigitated fingers andl 
micrometers otherwise, and a maximum voita^e of 
100 volts, a lateral force of M milii-Newtons couW 
be achieved. For structural integrity, the electrode 
tree structure 130 could be provided with a trZ 
Plate to hold ali of the movable aZjl^,^ 

teriS ' Process-compatible dielectric ma- 

tenal. Assuming a 5 micrometer separation be- 
tween the Plate and stator electrode branches itt 
es^H^ated that a small vertical force of 0 3 m ,,^ 

at T- ^ ^^^^^ ««ffness:b:::; 

at least three orders of magnitude larger than a 
comparable structure made from Systo,n 
should be able to accommodate thistoL 
minimal out of plane deflection. 

Claims 



Where n1,f J "^^'"9 Claim 

whe e n the step of depositing a photoresist 

conir'^H"""^'" °' ^^-'«"9 a 

contrast enhancement layer (66) on The 

s photoresist layer. ® 

6. A method as claimed in any of Claims 1 ,0 4 

10 hI ^ «*«P depositing a 

barrier layer (64) on the photoresist layer anS a 
contrast enhancement layer on the birier ay- 



IS 



7. A method as claimed in Qaim 5 or Claim 6 
where^ the contrast enharK^ment layT is 



1- A method for fabricating a miniaturized struc- 
ture, comprising the steps of- 

teria?rtl"^ l""*^'"'"' °f 
tenal on the surface of a substrate material 

^^^^tteming the sacrificial layer to define a 

_ depositing on the sacrificial layer a 
photoresist layer (62) of material; 

patterning the photoresist layer by con- 
trast-enhanced photolithography to form a 
photoresist mould; « J' rarm a 

the nhnS ^ ' r*^"' <^> "material on 
the photoresist mould; and 

sacnS'r '^.'^^^^ mould and the 
^nficial layer using etchants to form a free 
standing metallic structure 



Wherein the step of patterning the photoresist 
^yer includes masking the photorLst Ty^ 

T.^^'^Ty ""^"^^ P°^°"s of the 
Photoresist layer by means of a source of 

Wherein the photoresist layer is fomied at a 
^ tl'ckness of not less than about 2 um. 



95 



^ lr*^i°^ f '^'^'"^ C'^'-" 1 therein the 
and the etchants are chosen to provide hioh 

Sllif^r*"*'"'^ ''''^ 

a A method as claimed in Claim 1 or Claim 2 
Wherein the sacrificial layer is formed from a 
glass material, the metallic layer is formed 

made from an HF-based acid material. 

where^thf P^«-««ng claim 

gTarTpSGVtH*''' P^°sphosilicate 
g^ss (PSG). the metallic layer is copper or 
Chromium and the etchant is hydrofluoSc acid 



wherein the photoresist layer is deposited to a 
thickness in the range of 10 to 20 morons. 

11. -nje method of Claim 1 wherein the photoresist 
lay^ar is pattemed so as to provide a mouldT 

having a maximum aspect ratio of at least 9:1. 

« 12. A method for fabricating a miniaturized electr<^ 
stetc actuator structure including a positi^^ 
ble actuator mounted by plural sprint a 
base, a stator structure and plural elertrostatic 
dnye elements between the actuator and the 
stp^or^'"^^- comprising the 

securing an electrically conducting layer to 
an insulated substrate material- 

50 bv rSSI^r^^ "^'''"^^''^ conducting layer 

to fo?m f "^'"9 ^ opti Jmask 

to form a ground electrode- 

laver''!^''*'T°" "^''^"y «>"^"cting 
layer and on the insulated substrate material a 

r rte^ '^""^ ^ ^^-p^-- 

patterning the sacrificial layer by photo- 
Hhography using a second optical mask to 
define an area of free space around an ac- 

6 
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tuator to be formed; 

plating a seed layer of a copper or chro- 
mium material on the sacrificial layer, the elec- 
trically conducting layer and the Insulated sub- 
strate; 5 

depositing a first photoresist layer on the 
sacrificial layer; 

depositing a barrier layer on the first 
photoresist layer; 

depositing a contrast enhancement layer io 
on the barrier layer; 

patterning the first photoresist layer, the 
barrier layer and the contrast enhancement 
layer by photolithography using a third optical 
mask to define an actuator structure including 75 
an actuator, a base structure, plural springs 
connected between the actuator and the base 
structure to support the actuator from move- 
ment, the plural springs having an aspect ratio 
of at least 9:1. and to further define a stator 20 
and plural interdigitated electrostatic drive ele- 
ments extending between the actuator and the 
stator; 

plating a layer of copper or chromium on . 
the patterned photoresist layer; 25 

depositing a second photoresist layer on 
the layer of copper or chromium; 

patterning the second photoresist layer by 
photolithography using fourth optical mask to 
form a bonding platform for securing compo- 30 
nents to the actuator structure; and 

dissolving the sacrificial layer using a hy- 
drogen fluoride etchant to form a free standing , 
metallic actuator mounted by the plural springs 
to the base structure. 35 



40 



45 



so 



55 



BNSDOCID: <EP 0592094A2J_> 



EP 0 592 094 A2 




BNSOOCID:<EP_05^4A2J_> 



8 



EP 0 592 094 A2 




BNSOOCID: <EP 0592094A2J_> 



9 



II 



EP 0 692 094 A2 




BNSDOCID: <EP_0592C»4A2. 



10 



I 



EP 0 592 094 A2 




Jll 



EP 0 592 094 A2 




FIG. Z M 



BNSDCX;iD:<EP_0592094A2. 



12 



EP 0 592 094 A2 




BNSDCXID: <EP 0592094A2 I > 



13 



EP 0 592 094 A2 




BNSDOCID: <EP_0592094A2 t > 

14 



EP 0 592 094 A2 




! 



EP 0 692 094 A2 




BNSOOCID:<EP__0592094A2_L> 



16 



® 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication number: 



ill 

0 592 094 A3 



EUROPEAN PATENT APPLICATION 



@ Application number: 93306702.7 
® Date of filing: 24.08.93 



® Int. CIA G03F 7/00, G03F 7/11, 
G03F7/09 



® Priority: 21,09.92 US 948189 


0 Applicant: International Business Machines 




Corporation 


@ Date of publication of application: 


Old Orchard Road 


ia04.94 Bulletin 94/15 


Armonk, N.Y. 10504 (US) 


@ Designated Contracting States: 


@ Inventor: Fan, Long-Shen 


DE FR QB 


7103 Martwood Way 




San Jose, California 95120 (US) 


@ Date of deferred publication of tfie search report: 


Inventor: Zappe, Hans Helmut 


12.10.94 Bulletin 94/41 


1374 Hillcrest Court 




San Jose, California 95120 (US) 




@ Representative: Bailey, Geoffrey Alan 




IBM United Kingdom Limited 




Intellectual Property Department 




Hursley Parle 




Winchester Hampshire S021 2JN (GB> 



@ Micro-miniature structure fabrication. 



CO 
< 



CSJ 

in 



@ In tiie fabrication of a free-standing miniaturized 
structure in a range of about 10 to 20 um tfiiok, a 
metiiod based on a sacrificial system includes the 
steps of selecting a substrate material, depositing on 
the substrate material a sacrificial layer 58 of ma- 
terial and patterning the sacrificial layer to define a 
shape. A photoresist layer 62 of material is depos- 
ited on the sacrificial layer and patterned by con- 
trast-enhanced photolithography to form a photores- 
ist mould- Upon the mould there is plated a metallic 
layer 68 of material. The electroplated structure con- 
forms to the resist profile and can have a thickness 
many times that of conventional polysilicon micro- 
structures. The photoresist mould and the sacrificial 
layer are thereafter dissolved using etchants to form 
a free standing metallic structure in a range of about 
10 to 20 um thick, with vertical to lateral aspect 
ratios of 9:1 to 10:1 or more. 




26- 



IT 


JT 


0 


a . DAD 






TT 


IT 


-0 


o 


a 


D 


o o olb 


o 


o 


o 


a 


o 


o 


a 


O 


a a ofa 


a 


D 


a 


o 


a 


Q 


n 


D 


p pAfl 


JL 


.D. 


.0. 


0 


Jl 




-16 

■3G 
Nl2 



FIG, 1 



Q. 

lU 



BNSOOCID: <EP 0592094A3J_> 



Rank Xerox (UK) Business Services 

(3.10/3.09/3.3.41 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 93 30 6702 



<^*««Mi of document i»ithbdtt«ioti 

of fttevart lyropnte, 



the whole document * 

DESIGN ENGINEERING, 

!?^"^f?' 1991, LONDON GB 
page 24 

AN. "Mini gears show their nettle' 
* the whole document * 

I JOURNAL OF THE ELECTROWEMICAL SOCIETY 
vol.139, no. 7, June 1992 MAuruKTCD in^ 
HAMPSHIRE US ' "ANCHESTER. NEW 

pages 1979 - 1983 

"^"'■^'^ Patterning 

DATABASE INSPEC 
1992. 

UKIcM^l^r'- for surface 

* abstract * 



Relevant 

tor 



ii^gWCAnON op THE 
APPUCAnON QntCLft 



Theprtsrmp^r^n ^ ha. b«„ draw. .M» for * driins 

Plan mttamt^ ■ — i ■ 



THE HAGUE 

CATEGORY OF OTCD DOCUMENTS 

y • S22K^ 2*™' •^«»« 

y . ptftlaitiHy ntovuit if conbbcd witli 

A : t-ehnologktl badtgnKa? ^ 
O : nob-vrtttoi dUdowK 
P : intcfiMriJatt 4octiM«iit 




18 August 1994 



BNSOOCtD: .eP_0592094A3. 



European Patent EUROPEAN SEARCH REPORT 

Office 



AfrUcmm Niimb« 

EP 93 30 6702 



boCUMENTS CONSIDERED TO BE RELEVANT 






Ckatioa of docuniait witb nidKation, where appropriate, 
of rdevanC passaees 


RdevHit 
to daim 


cuissincAnoN of the 

APrUCATION (IntCLS) 


Y 
A 

P.X 


DATABASE INSPEC 

INSTITUTE OF ELECTRICAL ENGINEERS, 
STEVENAGE. GB 

1988 

WHITE R,M 'Microscale mechanics for 
sensors ans actuators' 

* abstract * 

& IEEE 1988 Ultrasonics Sysmposium. 
Proceedings 

(IEEE Cat. N0.88CH2578-3) 
Chicago. XL, USA 2-5 Oct. 1988 

US-A-5 072 288 (NOEL C, MACDONALD ET AL.) 

* column 1, line 25 - line 29 * 

* column 7, line 10 - line 17 *^ 

EP-A-0 520 631 (WISCONSIN ALUMINI RESEARH 
FOUNDATION) 

* the whole document * 


2-4.12 
1 

1-12 






TECHNICAL FIELDS 
SEARCHED (IblCLS) 


Ibe pRsent searcfa report has been dk^wn up for all datfiB 


THE HAGUE 18 August 1994 Rasschaert, A 


CATEGORY OF QTED DOCUMENTS ' T : tfcewy or prtadple uadtrlylag the tomtfoa 

E : cailtcr patent leoiaent, but palUshM oa, or 
X: putiaiteriyiti«niitlftUailoDe aft« the filing Ot* 
Y: partlcnUriyrrtcvasttfcoflihfaMiwttb another D : docancat €lced In the ippHcatloa 
document orth«faflMc»t«gi»y L : docuMt dtad for othir ntsoac 

A : tochnolo^cal back^ooad 

O ; DOD-nrittai disdosurt 4 : acmb«r of th« uui« pataat foully, cormpoodlng ^ 
P: iatemadlatadoctnicBt docuneot 



BNSCOCID: <EP 0592094A3J_> 



